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Abstract

Severely cooked Masonite gun pulp was used in the
laboratory to manufacture these four hardboard types:
S1S-wet formed, S2S-wet formed, S1S-dry formed (water
added after forming), S2S-dry formed. No resins or other
additives were used.

S2S boards, both wet and dry formed, had superior
mechanical properties. However, these same boards had
greater linear expansion. S1S-dry formed boards were
very similar to S1S-wet formed boards.

The conclusion was reached that such highly
reactive pulp could be used for the manufacture of high
quality, dry formed, binderless hardboard.

If a curious observer were to schematically arrange
commercial fiberboard processes by their water con-
sumption and type of bonding that occurs between
fibers, he would discover a need for clarification of some
long standing theories regarding the bonding of
fiberboard (Fig. 1).

On the wet side of this process chart are insulation
board, S1S hardboard, and S2S hardboard. It is
generally agreed that insulation board relies on
hydrogen bonding of fibers, brought about by removal
from the pulp suspension of water which, owing to its
high surface tension, draws fibers into intimate contact
with considerable force. This is also the principal
bonding mechanism in manufacture of paper.

The S2S8-wet' board mat goes through the same
water evaporation phase and develops the same type of
bonding as does the insulation board, although its
furnish composition and furnish characteristics may be
different. In the hot-press this dried mat is then
densified at high pressure and temperature and con-
solidated “by the activation of the bonding properties of

'The attributes wet and dry always refer to the forming process.

the incrusting substances” (2). The same acnvatum of
the incrusting substances (evidently lignin) ig

to be responsible for bond formation in the S1S procey,
3).

On the other side of the process chart is dry-formeq
hardboard, which does not benefit from either hydrage
bonding or activation of incrusting substances, but
which must rely on added adhesive as binder, like ether
dry composition boards such as parhcleboud and
plywood.

Figure 1 suggests the following questions:

— What fundamental difference between S2S magy
entering the hot-press from both sides of the
wet/dry dividing line inhibits the formation of
lignin bonding in the dry-formed mat?

— Is the hydrogen bonding associated with wet
forming a necessary phase in manufacture of
binderless fiberboard?

—~ To what extent do answers to the abow
questions depend on raw material and pulping
variables?

No clear answers can be found to these questions
either in the literature or in discussion with
knowledgeable practitioners in the field.

Design of experiment

To answer the first two questions requires the
manufacture and evaluation of all possible hardbosrd
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types from an identical furnish. The third question
requires the repetition of the experiment with different
furnishes.

Figure 2 outlines the experiment. It includes four
types of hardboard — S1S-wet, S2S-wet, S1S-dry, and
$2S-dry. The S1S-dry type attempts to isolate forming
variables in the S1S process where mats are normally
formed wet. No additives are used in any of the processes
with the exception of tap water.
~ The present study is limited to one pulp furnish, and
is the first phase of a larger study including different
raw materials and different pulping conditions.

Procedure

Pulping

It was decided that the first study would be run with
a severely cooked Masonite gun pulp, followed in
subsequent studies by refiner pulps, both preesurized
and atmospheric. This decision was based on the results
of work by Koran (1), suggesting a pulping temperature
?hrelholfi above which fiber separation occurs primarily
in the lignin-rich middle lamellas, leaving the fiber
surfaces covered with lignin, and the desire to provide
the most favorable conditions for a lignin bonded dry-
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Figure 1. — Schematic overview of
commercial fiberboard processes.

formed hardboard. Of all commercial pulping devices,
the Masonite gun is capable of providing the most severe
chip treatment. '

The raw material was whole-tree mixed hardwoods
chips taken from the production furnish at the Masonite
plant in Laurel, Mississippi. A cursory analysis of the
chip material is given in Table 1.

The pulp was produced in a commercial Masonite
gun under conditions not normally used in manufacture
of Masonite hardboard. The gun cycle is illustrated in
Figure 3. The resulting pulp was so fine, with the
exception of a certain fraction of slivers, that it could not
be refined without increasing drainage time to imprac-
tical levels. The Tappi drainage time of theraw pulp was
23 geconds.’ Moisture content averaged 83 percent (55%
consistency).

Prior to manufacture of experimental boards in the
laboratory, the fraction of slivers was removed by
brushing the pulp through 1/4-inch hardware cloth.
About 24 percent of the pulp was retained on the screen
and discarded. The Bauer-McNett classification of the
pulp before and after screening is given in Table 2.}

Tappi: T1002 sm51 *Tappi: T-233.
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Figure 2. — Flow chart outiine of the experiment.

TABLE 1. — Composition of chip rew material

Tmz—&uﬁﬂcchhniﬁuﬁmofw'dM
Masonite pulp. .

Material Percent —
Oak Mesh classification
!;i:x:oak hardwoods Fiber type % -6/+10 -10/+20 -20/+35 -35
(%)
g‘.‘"‘ Unscreened 141 172 10.3 113 472
nes Screened through 1/4- 114 243 115 98 430
Total inch hardware cloth
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: Figure 3. — Masonite gun cycle used for
GUN CYCLE — SECONDS manufacture of study pulp.
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Figure 4. — Press cycle used to manufacture 513
hardboards. Press temperature: 380°F.

Board manufacture

All boards were made to the following nominal
specifications:

Board thicknesa 1/8 inch
Board density 62.5 pef
Board size 12 by 12 inches

Board size was limited by the dimensions of the sheet
forming equipment. Ten replications were made for S15-
wet, S15-dry, and 828-dry; 15 for S25-wet.

The four board types were processed as follows:
S15-wet

— Pulp diluted with tap water to a consistency of 2.5
percent, :

— After thorough stirring a small water sample
was removed for determination of pH and
dissolved solids content,

— Pulp dewatered on sheet former applying 25-inch
vacuum first without and then with top caul in
place, L

— Wet mat pressed in cold preas,

— Mat hot-pressed with screen on coarse side of
mat,

S25-wet

— Pulpdiluted with tap water to a consistency of 1.5
percent. (The lower consistency was used to raise
the pH.),

— After thorough stirring small water sample
removed for determination of pH and dissolved
solids content,

— Pulp dewatered and pressed as under S15-wet, '

— Mat placed in oven and dried at 220°F until
weight remained constant,
— Mat hot-pressed without screen.
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Figure 5. — Prass cycle used to manufacture 525 - wat
formed hardboard. Press temperature: 430°F.
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Figure 6. — Press cycle used to manufacture S2S-dry
formed hardboard. Careful breathing of the press (no
daylight) at about 35 and 80 seconds was necessary (o
release gases. Press temperature: 430°F.
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TABLE 3. — Pulp consistencies and white water charactensiicn,
Board type

Properties S15wet S528-wet S1S5dry S2S-dry

Conmistency (M)

Scervened pulp 55 55 55 100

Before forming 25 1.5 B& 1080

After forming ] 28 . 100

After cold-presa 47 45 45 —
White water

H L 3.8 4.0 — -
Bimlvnﬁ solids content (%) A2 24 — =
Dhssolved solids losses (%) 162 166 —_ -
61



S18dry

— Mat formed on vacuum dry-former from pulp of
about 83 percent moisture content,

— Mat soaked in tap water until saturated,

— Wet mat dewatered and prepressed as under S1S-
wet,

— Mat hot-pressed with screen on coarse side of
mat.

S28dry

— Pulp dried to constant weight at 220°F,
— Mat formed on vacuum dry-former,
— Mat hot-pressed without screen.

Achieving the proper press cycle that would result in
the desired board density and thickness without
developing surface water spots, blisters, or sticking to
screen or cauls required considerable experimentation.
The press cycles shown in Figures 4, 5, and 6 consistent-
ly produced satisfactory results. Pulp consistencies and
white water characteristics are listed in Table 3.

Results

The interpretation of the experiment is based on
results obtained from a number of standard tests. This

limited evaluation does not approach a satisfa

characterization of these hardboard types with regard ¢,
their performance in specific applications such 4,
paneling and siding. Neither can these results be
meaningfully compared with any commercial product,
They do, however, allow some comparisons within th,
framework of this experiment and some conclusion,
with regard to fiberbonding and the role of waterin bong

formation.

Modulus of elasticity (MOE) and bending strengy),
(MOR)

MOE and MOR show great sensitivity to and cloge
correlation with board density (Figs. 7 and 8). This i,
particularly true of the S2S-dry boards. If these resuit,
reflect the quality and the extent of the bonding betweey,
fibers, the contribution of hydrogen bonding in wet
formed boards must be discounted. It is clearly the
bonding developed under the dry conditions of the S25
press that is responsible for the superior properties of the
S28 boards. Whether the S2S board is approached from
the wet or the dry side, or whether the water in the S)1§
mat is added before or after forming seems to be of little
consequence.
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Figure 7. — Modulus of elasticity in bending as function of
board density of four hardboard types.

Figure 8. — Modulus of rupture in bending as function of
board density of four hardboard types.
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Figure 9. — Internal bond as function of board density of
four hardboard types.

Internal bond (IB)

Figure 9 shows the relationship of IB to board
density. $2S-dry boards had remarkably high IB values,
consistently higher than thoee of all other processes.Ifa
strong vertical fiber orientation component was respon-
sible for the high values of the S2S-dry boards, then the
modification of this component in the S1S-dry boards,
which were formed in exactly the same way, must be
attributed to the force of the water being squeezed out of
the mat during pressing.

Water absorption and linear expansion (LE)
Water absorption, both by weight and thickness
change, does not show great variation between board
types (Fig. 10). LE shows significant differences
between S1S and S2S boards (Fig. 11). Part of this
difference is due to higher equilibrium moisture contents

at 93 percent relative humidity of the S2S boards (Table
4).

Conclusions

1. The important bonding process in the manufac-
ture of hardboard occurs in the press, not on the
forming machine or in the dryer. Hydrogen
bonding, therefore, contributes little or nothing to
final board strength in both dry and wet formed
and preseed boards.
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Figure 10. — Water absorption by weight change and
thickness change of four hardboard types (24-hour soak).

LINEAR EXPANSION — %

o - N w a > o

i pjE
) L PR
wn

g J

3 %
(%]
N
[7,)

& ]

Figure 11. — Linear expansion {50% to 93% relative
humidity) of four hardboard types.

TABLE 4. — Summary of linear expansion test of four hardboard types.

Board type
Property Si1S-wet S18Sdry 828-wet 828-dry
P —— ‘ —
LE (50% to 3% RH) m 347 549 500
MC (50% RH) 426 4.06 4.64 4.08
MC (83% RH) 8.06 7.89 8.76 9.06
MC change 3.7 3.84 412 497




2. Bonds formed in the press are of the lignin type
and, at the temperatures used in this study,
appear to be greatly independent of mat moisture
content during pressing. Superior bonds formed
between dry fibers may reflect the effects of
higher press temperatures used.

3. The wet-dry process dividing line is no real
barrier to the manufacture of binderless hard-
board.

These conclusions apply only to the particular pulp
used. It is probable that different pulpe will produce
different results. For this particular pulp, however, and
for similar pulps these practical consequences are
envisioned:

— Highly reactive pulps can be formed dry and
presaed dry without resin into a hardboard of
superior properties.

- Dryformedﬁbermatscanbepmoesoedmtoan
S1S hardboard with minimal amounts of process

water with practically lmpaoentyleldandw ‘

essentially the characteristics of a wet-formeg
S1S hardboard.

— Highly reactive pulps could be formed dry ang
combined with slush overlays, or could
applied as resin-free surface layers to dry fiber op
particle mats in the manufacture of mediupm
density sheet materials.
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